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Abstract
Starting from the non-supersymmetric, tachyon-free orientifold of type 0 string
theory, we construct four-dimensional brane world models with D6-branes inter-
secting at angles on internal tori. They support phenomenologically interesting
gauge theories with chiral fermions. Despite the theory being non-supersymmetric
the perturbative scalar potential induced at leading order is shown to stabilize ge-
ometric moduli, leaving only the dilaton tadpole uncanceled. As an example we
present a three generation model with gauge group and fermion spectrum close to





Since it was discovered that one can have string excitations as light as a few TeV
by allowing for large internal compactication spaces [?, ?], string models without
supersymmetry received new attention as phenomenologically plausible scenarios.
This may either involve string theories without any supersymmetry already in ten
dimensions or compactications of originally supersymmetric theories with super-
symmetry breaking at the string scale. A crucial problem in these constructions is
the dynamical stability of the background which is no longer protected by any kind
of no-force law. The most radical signal of an inherent instability is the presence of
tachyons in the spectrum, scalars with a negative tree level mass squared. By now,
the open string tachyons localized on some lower dimensional defect, a D-brane, in
the entire ten-dimensional space-time are rather well understood [?, ?, ?]. They are
unstable modes of the gauge theory sector and their condensation translates into a
decay of these D-branes into stable congurations but does not aect equally dras-
tically the background space which the branes are wrapped on. The latter is indeed
the case for closed string tachyons, unstable gravitational modes, which directly
relate to a decay of the space-time. In eld theoretic language, open string tachyon
condensation and the induced D-brane recombination has its natural interpretation
as the Higgs eect, namely the spontaneous breaking of the corresponding gauge
group to that subgroup, which is associated to the stable D-brane conguration at
the endpoint of the decay.4 Hence open string tachyons may indeed occur but are
not harmful as they can play the role of the Higgs bosons of the eective gauge
theory.
While one can often read the statement that a non-supersymmetric congura-
tion is already considered stable if tachyons are absent, this is of course still a very
simplistic view. In the absence of supersymmetry, quantum corrections will usu-
ally tend to generate potentials for the other massless scalar elds that very often
drive the background either to some extreme limit or to a point where tachyons
reappear. In particular the dilaton can be pushed to zero or innite coupling. It
will be one of the main objectives of this paper to construct non-supersymmetric
D-brane models in which the geometrical moduli elds are stabilized.
There exist two possibilities to construct non-supersymmetric brane world mod-
els in the rst place: (i) One starts from a supersymmetric theory in ten dimensions
and only breaks supersymmetry in the open string, gauge theory sector on the
branes. (ii) Supersymmetry is already broken right from the very beginning in the
closed string sector. Most of the previous work follows the rst pattern, namely one
is considering supersymmetric type I and type II string theory where D6-branes
intersect at relative angles on an internal torus or orbifold, which has been rst
proposed in [?, ?] and developed further in [?, ?, ?, ?, ?, ?, ?, ?, ?, ?, ?, ?]. These
models display many attractive, generic features such as chiral fermion spectra in
the four-dimensional eective theory [?, ?], which are localized at intersections of
two D6-branes and therefore mostly transform in the bifundamental representation
of the unitary gauge groups living on the respective D6-branes. Scalar elds either
4See also [?, ?] in this context.
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decouple or become tachyonic and may serve as Higgs bosons, as their condensation
closely resembles standard spontaneous symmetry breaking patterns. In this way
intersecting D-brane scenarios can be constructed which come very close to the
non-supersymmetric Standard Model. However in the simplest case of D6-branes
wrapped around homology 3-cycles of the six-dimensional torus, the background
geometry is generically unstable.
In this paper we will discuss the second option (ii) as an alternative, novel
approach for intersecting brane world models. To be concrete we will construct
a brane world scenario of type 00 string theory [?, ?, ?, ?, ?, ?, ?] with inter-
secting D6-branes, where we will closely follow the type I and type II D-brane
models described before. The low energy description of our type 00 brane worlds
has many appealing features close to Standard Model or GUT physics and at the
same time stabilizes at least some of the closed string geometric moduli. In fact,
while one may expect that these type 00 compactications could lead to mod-
els with worse stability properties compared to the type II and type I D-brane
models, the perturbative analysis appears to suggest the opposite: The formerly
constructed toroidal intersecting brane worlds of type I string theory suer from a
perturbative instability that drives the complex structure moduli U I2 of the torus
to a degenerate limit, U I2 ! 1, which implies an unacceptable squashing of the
internal space. This instability could only be avoided by freezing these elds to
particular values by imposing orbifold symmetries [?, ?]. We shall nd that the
type 00 brane worlds do not display this problem, but, on the contrary, their scalar
potential stabilizes the U I2 at nite specic values, leaving only the dilaton tadpole
uncanceled at leading order. At the same time they share all the generic proper-
ties of the former intersecting brane worlds of type I strings and only introduce
slight modications in the explicit construction. Of course, all of these statements
can be subject to higher order perturbative or even non-perturbative corrections,
which are hoped to stabilize the dilaton somehow, but may also aect the other
moduli. Finally, open string tachyon condensation may again occur and play the
role of the Higgs eect in the spontaneously broken gauge sector. However now the
D-brane conguration after tachyon condensation will still be non-supersymmetric.
The paper is organized as follows: In section 2 we briefly review the construction
of the ten-dimensional tachyon-free type 00 string theory and its basic properties.
We then discuss the modications that come into play by employing the intersecting
brane world concept within this theory in section 3. Next we present the spectra of
massless fermions, study the requirement of anomaly cancellation as a consistency
check and discuss the scalar potential of the complex structure moduli in section 4.
Finally, in section 5, we we present an example with the gauge group of a left-right
symmetric extension of the Standard Model and corresponding spectrum of chiral
fermions, whose complex structure moduli are being frozen at specic values.
2 Type 00 string theory
The starting point is the non-supersymmetric ten-dimensional type 0B string the-
ory [?, ?], which is known to be perturbatively unstable due its tachyonic ground
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state.
2.1 Type 0B string theory
Type 0 string theory can either be dened as a quotient of type II string theory
by the space-time fermion number (−1)Fs. Alternatively, one can start with the





leading to the type 0B torus amplitude
T  1jj16













We have denoted by O8 etc. the characters of the SO(8) ane Lie-Algebra at
level k = 1. One peculiarity of this model is that compared to type II super-
string theory all Ramond-Ramond (RR) forms are doubled. Type 0B string theory
therefore contains even RR-forms C originating from the (R+,R+) respectively
(R−,R−) sector, where the sign indicates the left respectively right moving world-
sheet fermion number. Since each RR-form appears twice, there exist also two
kinds of D(p − 1)-branes, which couple to the elds Cp respectively. These D-
















where the two D(p− 1)-branes are given by the boundary states [?, ?, ?]
jD(p− 1); ; 0i = jD(p− 1); iNSNS + jD(p− 1); 0iRR: (4)
with  = 0 = 1 for a D(p− 1)-brane and  = 0 = −1 for a D(p− 1)0-brane. The
freedom of choice of the sign  is due to the boundary condition of a world sheet
fermion at the position of a brane
 ir − i ~ ir = 0;  µr + i ~ µr = 0; (5)
with indices i referring to directions transverse to the brane and indices  along the
brane. Note, that in type II string theory only the superposition D(p−1)+D(p−1)0
is invariant under the GSO projection, so that only one D-brane of each even
dimensionality survives.
2.2 Type 00 string theory
In [?, ?] it was noted for the rst time that by taking a particular orientifold of
type 0 string theory one can get rid of the closed string tachyon. Dividing by
the world-sheet parity Ω alone does not remove the tachyon but the combination
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Ω0 = Ω(−1)FR [?] does. Let us review what the eect of this projection on the
RR-forms and D-branes is. The RR-forms Cp transform as
Ω : Cp ! (−1)
(p−2)
2 Cp ;
(−1)FR : Cp ! Cp ; (6)
so that the combined action gives
Ω0 : Cp ! (−1)
(p−2)
2 Cp : (7)












Summarizing, in type 00 string theory there exist only one RR-form of each even
degree. The action of Ω0 on the D-branes is
Ω0jDp; ; 0i = jDp;−;−0i (9)
implying that the symmetry of the brane spectrum under Ω0 requires any respec-
tive Dp-brane to be accompanied by a Dp0-brane.
Using these inputs, in [?, ?] the complete string amplitudes at one loop order
have been evaluated and the tadpole cancellation conditions deduced. They de-
mand the introduction of N + N 0 = 64 branes, i.e. 32 of each type, and imply
a maximal gauge symmetry U(32). In the type I superstring theory Ω leaves the
branes invariant and thus imposes a projection upon the open string excitations
that leads to a gauge group SO(32) . Here, Ω0 permutes the two kinds of branes
and identies their degrees of freedom, so that one is left with a unitary gauge
group U(32).
A property of this theory which will become important later on is that the
orientifold planes do only couple to closed string modes from the RR-sector, im-
plying that they have vanishing tension. This can be seen from the tree-channel
Klein-bottle and Mo¨bius strip amplitudes
















with arguments ~q = exp(−4l) and ~q = − exp(−4l) respectively and the normal-
ization c = Vol10= (8
20)5. This leads to a modication of the scalar potential
for the moduli elds in the way that the orientifold tension of type I string theory
does not appear there.
The interaction between the D-branes at leading order are given by the annulus


















with argument q = exp(−2t). This leads to a repulsive force between the two
D-branes, which means that the tension of the type 0 branes is not any longer
balanced against their RR-charge. Moreover, it is evident from (12) that between
two D-branes of the same type there are only open string excitations which are
bosonic in space-time. Contrary, for the loop channel annulus amplitude for two














leading to space-time fermions. Note, that even though the closed string sector is
purely bosonic the open string sector contains space-time fermions. Moreover, the
force between two D-branes of opposite type is attractive, as they only interact
via exchange of closed string modes from the NSNS sector. This is clear, since the
two D-brane are not charged under a common RR-form. However, adding the two
annulus amplitudes yields a vanishing force similar to the no-force BPS situation,
from which we can deduce that the tension of the type 0 branes is related to the





The RR-tadpole cancellation condition is satised for N = N 0 = 32 leading to a
gauge group U(32) with additional massless Majorana-Weyl fermions in the 496
496 representation of U(32). Note, that the annulus is also the only amplitude
which receives contributions from the NSNS sector in the tree channel. In ten
dimensions this is attributed to the dilaton tadpole exclusively, which leads to a
run-away behavior for the string coupling. An eective way to deal with it may
consist in a suitable adaption of the Fischler-Susskind mechanism [?, ?, ?, ?]. In
lower dimensions the scalar potential will also involve geometric moduli elds.
3 Type 00 intersecting brane worlds
In [?] magnetic background elds on internal tori were shown to provide eective
means to construct interesting type I string compactications with chiral fermions
in unitary gauge groups. By an exact perturbative duality transformation, a T-
duality along three of the internal circles, this setting of (non-commutative) D9-
branes with magnetic background fluxes is transformed into a completely equivalent
picture with (commutative) D6-branes intersecting at relative angles on the dual
tori [?, ?]. The later investigations of the prospects and properties of these models
revealed them to be among the most promising candidates to achieve a bottom-up
construction of a Standard Model or GUT eld theory out of string theory. While
most eort was spent on studying non-supersymmetric models, some attention was
also devoted to supersymmetric constructions [?, ?, ?] which have close relations
to M-theory vacua with a background space of G2 holonomy.
In this fashion we now consider a compactication on an internal six-dimensional
complex torus
T
6 = T21  T22  T23 (15)
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with coordinates (XI ; Y I) on each T2I . Each two-dimensional torus is dened by
its complex structure U I = U I1 + iU
I
2 and its Ka¨hler structure T
I = T I1 + iT
I
2 . In
order to apply the methods of intersecting brane worlds to the type 00 theory, one
also needs to switch to a T-dual theory. The world sheet parity projection gets
mapped to Ω0R where R : Y I 7! −Y I is a reflection along the three circles that
have been dualized. The theory with maximal gauge group now simply contains
32 D6- and 32 D60-branes located along the xed circles of R, i.e. along XI , to
cancel the tadpoles. Note, that the discrete parameters U I1 = b
I can take two
values bI 2 f0; 1=2g in order to maintain the R symmetry of the background, cor-






Figure 1: Torus with bI = 0; 1=2
The most general D6-brane of type a wrapped on the T6 and of codimension




a) on the six









denoting the wrapping around the cycles along XI and Y I respectively. The parity
operation Ω0R acts also on the winding numbers
Ω0R : D6(nIa,mIa) 7! D6(nIa,−mIa): (17)
This is illustrated in gure 2.










relative to the XI axis with another D60-brane at an opposite angle −’Ia. We
henceforth employ the convention to use letters a = 1:::K for the branes of type
 = 0 = 1 and a0 = 1:::K for those of type  = 0 = −1. Since the two sets of
stacks are identied under Ω0R, there will be a gauge group U(Na) on any individ-










Figure 2: D6-brane congurations
we expect chiral fermions at any intersection point of such branes.
In order to get a precise quantitative understanding we need to embark on the
computation of the contributions to the tadpole divergencies at one loop order in
string perturbation theory. The three relevant diagrams can most easily be found
by combining the results of [?] and [?] and have been collected in the appendix.
The upshot of this computation is summarized in the following: The Klein bottle
does not involve any open strings. The oscillator part is thus given by (10) but
momentum integrations need to be replaced by Kaluza-Klein (KK) and winding
sums. One then gets






dl + nite (19)
for the tree channel contribution to the RR tadpole. We have dened c4 =
Vol4= (8
20)2. Note again that there is no NSNS contribution whatsoever. The
open string amplitudes involve (D6;D6) and (D6;D60) open strings separately. The
Mo¨bius strip receives only contributions from open strings invariant under Ω0R,
i.e. those stretching between branes of opposite type. Its RR tadpole reads








dl + nite: (20)
Again, there is no NSNS tadpole. Finally, the annulus diagram involves all kinds
of open strings, where the contribution to the RR tadpole arises merely from the
(D6;D6) and (D60;D60) open strings
















dl + nite: (21)
The NSNS tadpole arises from all open string sectors in the annulus and will be
dealt with in section 4, when the scalar potential is discussed.
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Since in type 00 string theory there exists one RR-form of each even degree, in
the original T-dual picture with magnetic fluxes on the D9- and D90-branes we have
to cancel the D9- as well as the eective D7-, D5- and D3-brane charges, leading to
eight separate tadpole cancellation conditions. Note, that in type I string theory
the D7- and D3-brane charges were automatically canceled due to the symmetry
under Ω. Analogously, here the charges of the second set of RR-forms in type 0B
are projected out by Ω0. Thus, the cancellation conditions which derive from the
above RR tadpole computation are very similar to those of type II string theory,






























a = 0: (22)
It is understood that the conditions are to be satised for any combination of





may have been reduced in its rank, where rk(G) < 32 is possible for nIa > 1. Note,
that in contrast to intersecting brane world models of type I string theory one
cannot obtain SO(2Na) or Sp(Na) gauge groups.
4 Chiral fermion spectra and scalar potential
The most important feature for the phenomenological relevance of intersecting
branes is the fact that the open string quantization of strings between two D-branes
that intersect in a point on the internal space leads to a single chiral fermion in
the eective lower dimensional theory [?].
4.1 Chiral fermions
This feature gets slightly modied in type 00 theory. As was pointed out above,
only open strings stretched between D6-branes of opposite type give rise to space-
time fermions, whereas open string stretched between two brane of the same sort
give rise to space-time bosons. If the two intersecting branes are not identied by
R, i.e. at an (ab0) or (a0b) intersection, the fermion will simply transform in the
bifundamental representation of the respective gauge groups, e.g. the (Na;Nb0) of
U(Na)U(Nb0). If we are facing an (aa0) intersection instead, a further distinction
has to be made. For intersection points that are xed under R, one needs to regard










for the action of Ω0R on the Chan-Paton labels. This leads to a single fermion
in the antisymmetric representation of U(Na) at such an invariant intersection of
type (aa0). On the contrary, for intersections not invariant under R no projection
applies and they provide a symmetric and an antisymmetric representation for any















for the total and R-invariant intersection numbers of branes a and b or a0, the










Table 1: Chiral massless fermions
In contrast to the intersecting brane world models of type I strings, where it
was necessary to have bI > 0 for at least one torus in order to achieve odd numbers
of generations, one can now also get three generation models with purely imagi-
nary complex structures. It is interesting to note that the charged scalar elds can
transform in dierent representations than the fermions. They arise in the sector
of open strings with both ends on the same kind of brane and never experience the
projection by Ω0R. Thus, space-time bosons and in particular the Higgs elds can
never appear in antisymmetric or symmetric representations of the gauge group.
4.2 Anomaly cancellation
It is not dicult to check that the spectrum of table 1 satises the cancellation of
non-abelian anomalies. By using (22) the sum of all contributions to the triangle
anomaly of the factor U(Na) vanishes:X
b0 6=a0







This may serve as a consistency check, but is, of course, guaranteed by the tadpole
cancellation anyway.
As usual, the mixed U(1) − SU(N)2 and U(1)3 anomalies do not cancel right























NaIab0 for b 6= a: (27)




Na Iab0 for all a; b: (28)
Analogous to the type I string, we expect that this anomaly is canceled by a
generalized Green-Schwarz mechanism invoking the coupling of four-dimensional
bulk RR-elds. This issue is more conveniently addressed in the original type 00
theory, before any T-duality. The spectrum of RR-forms has been given in (8).


























These forms give rise via dimensional reduction to the following two-forms and


































and C2 = C
+
2 ; C0 = C
−
0 with the following Hodge-duality relations in four dimen-
sions








2 ; dB0 = ?dC2: (31)























































































which combine into the usual tree diagrams to contribute to the respective anomaly.
Adding up all terms Fa F
2
b we nds that the resulting GS amplitude is proportional
to
AGS = NaIab0 (33)
which has the correct form to cancel the eld theory anomaly (28).
4.3 The disc level scalar potential
The scalar potential can be read o from the dilaton tadpole divergence of the
closed string tree channel amplitude which is essentially the square of the disc
expectation value





Due to the absence of the NSNS contributions in the Klein bottle and Mo¨bius strip
diagrams, the resulting potential is identical to the one obtained in type I string
theory [?] except for the absence of the orientifold tension,














where 4 is the four-dimensional dilaton 4 = − ln(Vol6)=2 and T6 the D6-brane
tension. The normalization was xed by comparing to the DBI eective action.
Already from the scaling behavior of the potential
V (; U I2 ) −!1 for U I2 −! 0;1 (36)
it is clear that there must exist a global minimum at which the U I2 are stabilized
at tree level. We will demonstrate this explicitly by presenting an example with
stabilized complex structure in the following section.
The potential (35) does not depend on the Ka¨hler moduli T I . It was explained
in [?] that it is to be expected that this feature remains true perturbatively if the
D6-branes intersect in points. Only if there are also branes that are parallel on cir-
cles of the internal space the propagation of KK and winding modes will introduce
a dependence on the T I . It was estimated from their respective proportionality to
1=T I and T I that at least to the next to leading order, in the annulus diagram,
the Ka¨hler moduli may stabilize as well.
5 A left-right symmetrically unied model
In this section we present a concrete model which contains the gauge group of a
left-right symmetric extension of the Standard Model with some additional charged
chiral matter. Since, in contrast to the type II orientifold models, the type 00 ori-
entifold models only have chiral fermions for ab0 intersections, the anomaly can-
cellation conditions for the U(Na) gauge factors (including Na = 1; 2) prevent the
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realization of a pure three generation Standard Model. Recall that for the type II
orientifold models two of the left-handed quark doublets transformed in the (3; 2)
representation and one in the (3; 2) representation. In this way, the (ab) and (ab0)
intersections could combine to provide three generations, which is now impossible,
as only (ab0) will provide fermions at all.
We now choose ve stacks of D6-D60 branes, bI = 1=2 on all three two-







































Table 2: Wrapping numbers
It can easily be checked that these wrapping numbers satisfy the RR-tadpole
cancellation conditions. The resulting massless chiral spectrum is presented in ta-
ble 3.
SU(3) SU(2)L  SU(2)R  U(1)5 Multiplicity
(3; 2; 1)(1,1,0,0,0) 3
(3; 1; 2)(−1,0,−1,0,0) 3
(1; 2; 1)(0,−1,0,0,−1) 3
(1; 1; 2)(0,0,1,0,1) 3
(1;A; 1)(0,2,0,0,0) 3
(1; 1;A)(0,0,−2,0,0) 3
Table 3: Chiral massless spectrum
This is the matter content of the minimal left-right symmetric extension of the
Standard Model plus three generations of a charged (A; 1)  (1;A) of SU(2)L 
SU(2)R. Note, that the fourth U(1) factor decouples completely from the chiral
spectrum and therefore can be considered as resulting from a spectator brane which
is only there to satisfy the RR cancellation conditions. Two of the ve U(1) factors





U(1)K = U(1)2 + U(1)3 + 2U(1)5: (37)
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It is beyond the scope of this paper to follow the phenomenological properties of
this model further. Instead, we investigate the disc level scalar potential for this
concrete model to provide an explicit example for the stabilization of the complex
structure moduli.
By performing a numerical analysis of the resulting potential (35) we nd that
there exist a unique global minimum for the values of the complex structures
U12 = 0:086; U
2
2 = 1:045; U
3
2 = 0:486: (38)
We have also determined the ground state energies E0 in the various bosonic
open string sectors at this minimum where depending on the values of the complex
structures tachyons can potentially arise. It is another nice feature of these type
00 models that only (ab) type intersections need to be considered, thus the number
of dangerous sectors is essentially halved. If two D6-branes are parallel on at least
one T2, then we can move the two D-branes apart on this torus and avoid the
tachyonic instability classically. For the remaining open string sectors we nd the








Table 4: Ground state energies
All ground state energies are positive implying that this model, in the approx-
imation we used, is perturbatively stable. Note, that the possible tachyon in the
(23) open string sector transforms in the (2; 2) representation and is needed for
breaking the left-right symmetric down to the Standard Model. However, as we
mentioned already there can be no tachyons and therefore no Higgs particles in
symmetric or anti-symmetric representations of the gauge group.
6 Conclusions
In this paper we have constructed a class of non-supersymmetric string models
whose geometric complex structure moduli are stabilized at nite values by the
leading order perturbative potential. One may further argue, that the stabilization
can be extended to the Ka¨hler moduli as well, hence leaving only the dilaton un-
stable perturbatively. Our novel construction is intrinsically non-supersymmetric,
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as it starts from the non-supersymmetric but tachyon-free ten-dimensional type 00
string theory compactied on a torus. To this theory we have applied the tech-
niques of intersecting brane worlds nding a set of solutions for the eective four-
dimensional eld theory which displays perspectives for obtaining semi-realistic
models that are comparative to the earlier studied type I and type II compacti-
cations. One may consider various extensions and generalizations of the present
program. It may for instance be interesting to construct orbifolds of the purely
toroidal models along the lines of [?, ?].
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A Amplitudes of type 00 with branes at angles
In this appendix we summarize the more technical results for the three amplitudes
that contribute to the tadpole divergence at the  = 0 level of perturbation theory.
They are obtained most directly by combining the results of [?] and [?]. The Klein
bottle amplitude of the original ten-dimensional type 00 theory was given in (10).
The modication due to the toroidal compactication is standard and does not
take reference to the novel issue of intersecting branes,






















For the open string amplitude the peculiarities of type 00 as well as the modications
due to the relative angles of the D6-branes need to be taken into account. The
open string states involve only the NS sector but one needs to include the D6- and






and change the KK and winding zero mode quantization [?]. The annulus diagram
for strings with both ends on the same brane a then reads
























which is to be combined with an identical contribution from the a0 branes. The
annulus diagram for strings between two dierent branes a and b (or a0 and b0) but
both of the same type is


























while for open strings between branes a and b0 (or a0 and b) one nds




















Together this combines into the annulus diagram of type II strings, which in partic-
ular guarantees the absence of any tachyon contribution to the tadpole divergence.
Finally, the Mo¨bius strip diagram gives the contribution


















We have used the standard denitions
#[α
β
](q)
(q)
= e2piiαβq
α2
2
−1/24
1Y
n=1
((
1 + qn−1/2+αe2piiβ
 (
1 + qn−1/2−αe−2piiβ

;
(q) = q1/24
1Y
n=1
(1− qn): (44)
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